
.lNSTHUCTION BOOK 

FB.-280 TYPE 

-s\_u \-\-'4t.c4\ 
,, ELECTHO-IlYDRAULIC STEERTNG GEAIZ 

"' 

FUHNISHI.m TO 

SUN SHIPBUILDING & DRY DOCK CO., 

PURCHASE ORDER NO. 66&858-2 
,,., 

HULL NO. G66 
f. ' 

FOH 

TRANSANEHICAN THAILEH THANSPORT 

ENGINEEJ<ED AND DESIGNED IJY 

,,, 
KAWASAKI HEAVY INDUSTRIES, 

OIL HYDRAULIC MACH. DEPT. 

KOBE JAPAN 

.. _ .. _..: __ · .. , .......... :,.·, __ .. 



,!1 

J.NSTHUCTlON BOOK 

FR-280 TYPE 

-::;\_u \-\-'4L>4 \ 

ELECTRO-HYDRAULIC STEEHING GEAR 

FURNISHED TO 

SUN SHIPBUILDING & DRY DOCK CO., 

PURCHASE OI<DEH NO. GGSssB-2 ' ' '~: 

HULL NO. G6G 

r . 
FOH 

TRANSANEHICAN.TRAILER THANSPORT 
,,, . 

ENGINEEHED AND DESIGNED BY 

KAWASAKI HEAVY INDUSTRIES, 

' OIL HYDRAULIC NACH. DEPT. 

KOBE JAPAN 

,,-\ . 

. ~.-.·-. 



·I_' : 
i . i r,~J\.-:~ F'or the .stcbi-~int-; 1'\cnr to Oe i11::1ta . .L1ed. iJJ.. the_ 

1

. : . .J 
1w.vigati11g in cold region, the ei1 marked ( -~) is' ·_. ·.'1 

ru:lc.n.ded. / i 

·Ff.ll:lu(; the .stecJ~i.nrc; -,<;·ca')o'vitl.-. oil ·. I 
a .. · O_i)en tl1e ·stop valves.~and t1le,:-bY-.F.J<-)_,'3s v·a . .l1.res __ ~ _ _. ----j~ ___ / 

moun ted on, the oLL, bJock·vaJ \ce, · · . i 
1J, Op<m the air ve.nt_ vaJ:vos on the hydrauLLc cylJnder.•/:' 3J 

1 , ..• Open the _p:L•.lt:;s on .tho ·.hyclrau:Lic cylLndcrs an(l I ·. '/, 
.f':Lll up o.U Li.tt.Lc hy l:i.tf18. . . .. , -~-, ! 

•l. FLLl the o.i.l tanks 'with: :o.i.l tJn·o.u0;h ·the_· Li.J. te:r;·. · i· 
up to thr' oi1 1evel g_a,uge, · 1-

. ·1·-. ' ti i_'l·.,.eck_Ln·g oJ' · ·ll!.In.ting ,-:;.Oar 

a.···, Cl1ecJ<:. that· f;J1c_ till ex:_,. ·tile aufo·-J)i.lot pOiVcJ.' 

unit and, tlJc · t1·ic1< wh,eqJ a],>c;:-es.actJ.y in_ yQs:L<;ion, 
. b, Ensure thc<t:.tlle :l'J.oating' :l<.,v,or .is. exactly in 

neLttra.l _po~d-_tion· .. ·. . _ .. . · " · 

--~\d._j_i1st ···~l(':neths ,ot': -tli1~. conrlcctil:t(; J:ods ._o.r t.l-J.c~ 
auto-.rJj_lut power- u.11j_ t::-:; .ai:i._d oJ' -t1IG bu£'.f_cr spx'int_~::; 
by_ means o:C the: turnln:tcktes, i_f nc<.:-c.ssary-~ 

.\''''"P runi1:i.nc; and <ixpcLl:i.nc; · ai.r .Lrc'm ·o:U circuit 
·,_ P:cit)r to run.n:i.:ng the ·pump~ · 

a .. Ensure t.ho.t _);lle p111np .can·_bc; :r·otatr,_•d f'rc:0Jy by 
tuhiing tJ1e -~oupling of ~l1.e RlectJ:J.0 n1otdr and 
the ~puwp'-b~y h.u .... n.d •. 

i.1. · Discnga,z-e l;h_o;, auto-pilot control by vu.Ll:inc!,' out 
t.hf~ P.j_n,s or the_ connect:LnG rod. ancl-_e.r.t&ag.(J. i.:;.ll.t· 
tritk wl1ceJ for J.ocaJ. controJ by inserting tho 
pin (J7l) in 'Fig. A-J)r .. in AppencL:Lx .. 

' c .. Close tile air vent. valves and ichc by-pass va.lves 
:-l('C,UJ'eJ.y_ and 1<-ecp LllQ stop vaJ·Vcs o_p·en. 

,\f'h,_t' satisfying tho above' illstruc+:ions, starti;;,-; 
;

1

!~ Li1e elcc·t.r'ic IJlotc~r a.n.d run the~ ptunp
1 

an'(J.. oxpc:J. 
~!r i.n the oiJ. circuit in tl~ J'oJJ.owing ma.n11er: 

Operate the steu:t'ilTIS e·enr sluw.Ly wi.th the trick 
;d!.ccl- in bcith· di.rections to cJ'.rcu.J.ate oi1 j_n 
thn cylJ_ndc:es and the -pj;_Pcs. 

u. 

Open· ·the O.ir· vent valve on .the· cylincler .·into 
hhich oil is purnp(•d, and. oxjJo~t-/- t:d.:r-. _ 

•:. Hcpeat tlie above o.perat.cons ,a,'b, and expe.L. a:i.r 
.CuJ.ly. Hence, nevrcr o,oen l:hc a.i..r vroJ;t vitJvo on 
thn cV I incll-'r o:f. non-·vres.su.rp ~Lldc. 
Ensure that iwy ali.'· bubble ca.n.r;:-;t" be J'Q•i.nd cln 
the oiJ. Flo1.v- by 'p).1eni_f_lg ,th(~_ a.ir v0nt \Ta.l~Je on 

'd. 

the:·oil bloc]( vu_lve. 

En.':3Urc Smoo·t11 znovement. o.f:' tJ1e. rrun. 

-\<Jj us tmcn t- oJ.' hunting c·em:· and. ,che cki n;:· oJ' rud.dc r 
l:t.Hi:~JC' in IJl.llTli-) :t'lUULL.flg 

' ;.,, •· The allto-p..i.J.ot controJ~ is now d:i.sclJ{';rt,';'"'J ;:md 
the trick whceJ ror loca.l control .is ,.,Jl{!,'a(.!;crd 
a.ncl in n~Lll~:t'a~L (zero) pos:Ltio:n .•. _', 
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July· 19, 197-4 

TECHNICAL INFORMATION 
, 

To Messrs. SUN SHIPBUILDING & DRY DOCK CO., Chester, PA. 

Re ! Motorizing of Stand-by Pwnp 

. . . 

In order to prevent th·e excessive ~)ltorizing of the stand-by pump in the steering 
gear where two 'Or more pumps ar'e installed and piping connections a-re ready for 

· "("'"~ parallel running of the pumps, the OH Block Valve is provided and its principle 
of operation as well as the functions ar~e described in the Instructions for our 
steering gear. 

~·-

( 
...._ 

Actually 17 by the results of our various engineering and tests, we have observed 
and confirmed that the stand·- by pump will n~ver be motorized ~ providi11g the corre
sponding oil block valve is in its neutral" £_Osition. Only possibility of motor zing, 
however, has been there. in the main sp.ool of the oil iblock valve being in shifted 
~ ocation from neutral. A.s the main spool is to be actuated by the pilot pressur e 1 

it can be shifted a little H a little pres$ure is accumulated in t he p1lot line from 
the o.il block val¥e through the sta nd-by pump. And oil leakag e from the oil block 

/ 

valve to the stand-by pump "is a. little inc-re.a..s e d, and the stand-by pump is slightly 
motorized. Poss.ible case is such that the nmnmg pump is changed -over lO the 
stand-by during the main hy draulic cylinder is under loaded condition, because 
oi-l in the pipe line from the oH block valve to the stand- by pump is s till pressuri
zed by the help of less leakage from the pump even if the pump is changed- o ver to 
th.e stand .... by. 

Through the above· investigation we are to st,ate that a tittle oil leakage from the 
oil block valve and slight motorizing are unavoidable but no problem to our 
steering gear.. W~e have established as our normal pra ctice such a standard that 
the speed of motorizing of stand- by pump within 5 through 8 percent of the rated 
speed is permissible when confirming the set pressure ,of relief valv-eJ because 
we have enough maTgin ·in pump capacity for steering, i.e~ , ,<;festgncd stecnng 

speed is 65 deg/25 sec. for the speci.fi,~d speed of 65 deg/28 sec. and furthermore 
some margin i.n the volumetric efficiency of the pump. 

l"Mi" 

--·-'-----
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Shop test of oil block valve ( sheet 1. J 

FiG• 1. Circuit of testine equipment 

Oil block valve Pressure gauge Pros sure g uge 

(onv 732) v;£1J1 _H]J]vv ? 
. ; Spool "j;o be L------ ~ 

Relief valve 

I I I I 

Flexible COuPling 

? :;, 
M M 

Electric motor Pump in idling(j) l\mlp in runninr, ® 
Strainer 

~" 

. I 
.. 

. 

-

(BZ 732) (BZ 732) 

L_'__j 

Oil tank 

I 

I I 

Fig. 2 Oil block valve 
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6 mm 
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Valve block 
Notch 

' . ~·- ·' 
". 
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; 
' 

L-,---,-
'Sp ool 

¢= 
-~· :I I t ." 
OC\ \ 

L'._'_j 

Oil tanl< 

Notch 

1) Dimension (!Dis 6 nun when the spool is in neutral position, 

21 Durinr, test, (&)is adjusted.by movinr,.thc spool. 



~·. 

For reference, we are enclosing· our test results. ' 

• 

I 

Sincerely yours, 

1 

( T;- Owatari ) 

Senior Manager of Engineering Dept. 

Oil Hydraulic Machinery Div • 

\ 
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PARTICULARS 

ELECTRO-HYDRAULIC STEERING GEAR 

STEERING GEAR TYPE . F'R- 260 ---
2 Pm'iP S ( 1 PUMP SPARE ) 

MAX. CALCULATED TORQUE AT RUDDER STOCK -Ji;."Ibon 12_0JOO.(~L-

,MAX TOR<,)UE CORRESPOND1NG '1'0 MAX. W~G PRESS (A1 Js•) J4.. -I~iluO OOO 

RUDDER ANGLE 'FROM !lARD OVER TO HARD OVEH ·-- JJi;eg. --~-.,~-_()Q. .... 

TURNIN(, SPEED OF RUDDER Deg - Sec 

DIAMETER OF RAM 

NORMAL RADTUS OF TILLER ARM 

R..o\M STROKE FOR MAX. STEERING ANGLE (70 DEG.) 

RAM STROKE FOR LIMIT RUDDER ANGLE (74 DEG.) ffr ___ 38.~(1 
SEMI ENCLOSED SELF VENTILATED TYPE ( 2 SETS ) - -~ 

i---- -~ 

VOLTAGE v 
AC J¢ 440 

Z5 CURRENT A 

KW 45 
,) 

~ OUTPUT 

~ lEVOLUTIOO' R.P. M. 11 r;o 
~ DUTY 15% CONT., 100% 1 HOUR, 200% 30 SEC -· .. ··---·:-----

1 % 150 _...:_,::....:._ _____ ! 
OVERLOAD AT MAX. STEERING TORQ'OE 

STARTING TORQUE J % 200 
( 2 ;~_El'_S_) ____ ____ I ~- I'.....;;BV~-7-3-2_---

------- ~- -~ A\M-~i~?-:-26----......J 
KAWASAKI TYPE 

NO. (H' P.ISTON 

DIAMETER OF PISTON 

TILTING ANGLE 

ACTUAL DISPLACEMENT 

MAX WORKING PRESSURE 
-= --------

S . '!'Th'O PRF.S..Smffi OF SAFET-Y VALVE 

MAIN H'ID~AULIC PIPE (OUTDIA X T!UCKNESS) 

PRESS. GAtH~E PIPE ( DO ) 

Deg. 2.3 ..,3 

--~ Lit/~iD 

MM 

MM 

.2 2070 ---
70.0 'X 12.0 

_ .$..0 x 1 .O....Q. 
10.0 X J("oO 

--j~-------1----

_j_~--
1 
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fLe elect ro-hytl r aul .l. <... steeL,· ng geaJ' of Hap s on sl i de t ypP 
comprlee:::;: 

1-Tlller o f s plit t_:,pe to be f'ixed to the rulldl'"r stock tv.LLh 
.lv•ys. 

2-Harn"l complt~t( w~th their p~.n lj and 4-ry linders at.tuatc d b } 
oll JlCSI::IlllP, 

2- l':lee t1lc motor dr i v c•n axial piston 1 umr s of' vaJ~l.abl<c> 

displ.a1 em~nt. type ~ u.uplete with theJr oil. tanks anu bP dt:o. 
2-Hurizontal sha.ft, A.G. ~nduction moto rs fu~~ drrving Lh e 

f.H.tmp" 
1-~el of' l1.nk rnt:chrun.s m f'or act11at:i.ng and re sturlng the 

pump dis.,Pl ac em en t. 
1-Tri<".:k wheel. 
1-Set of' valves necets.~ar y fox· controllJ.ng and maintc·nance . 
1-Set of' piplnc;s, t'ittings and pressure gauge =:. . 
l-Bed vlate 

'l'hey are des ~gned to m0et the 1~equiremen t fur c o~,r e and 
sale 1'1.. • ning o C tlw st e er .1ng gear as f ol1ows: 

Max·mum torque 
Hudder angle from H.O. to H.O. 
l"u rnin.g .speed of the rudder 
Di.ameter oi' tl1c ram 
Normal. radius of the ti~ler 

140 Ton-M 
70 Deg. 
fJ5/28 Deg./Sec:. 
2HUmm 
650mm 

Hydraulic pump ha'\in~ the max. dh;;pla('Pmen.t of' 2 4 b L/unn 
llnd<:>r the max. pressure or 140h.c./cm~ 

A.C. J-phase, (JOHz, 1150 1.p. m. induction rnolul' havini-~ 

":'i.n output or 1+5KW as weJl as tLP ratin,o: uf 15~ con·Un uou s, 
100% :Cor 1 bout~ and 200'~ fo JO s c r onds. 

Por r.he 
N0.090, 

abo• es, 1 el'eL ence ls 
4HH "Ueta.Ll Pld.DS, 11 , 

invited to tllf' d.J awinG" 

I 

4 
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0i'1' tl.x al.'l! : ft.l' '-'•::!d v.O) 

1 s spL t constru~tlon 
f ixcd 1,(. t'1.e r'l ·tder $tuck 

l.C":r 11~· fock Vypcd. op<"'I&in :! wheel) 
:'S t:f'l llal{'!"i j, • <;..._t:,e!l a.tld W.i_ll~La.d 
f•res~Ul.•~ fill 'fJ'O t.'1.-. t-am tl.ru.st . 

... • :_ R.a1n· a. d. i, ;h <J.q 1 ic c .. y~j.nd.cr (1-'-ic; '\-o, ~ .in Ap,1.lendiJ\. a ·e 
• •l('l'l,~d ~u) 1 
Tl!t• t•am made of · t~bon ~n~: l is • qnL_1:ped wi1h tho 1 uo 

n and thr l"Ollt·:r OOa.l"'il k in its C,lltrc, and .i$ 
Sbl )JH)l l~J ;_)y t1 : b,...onz0 n cl'- bush .ac.::s ol tl E. hydraul ;i.e 
C) linch t·s l.ns i.d ~: f 'the hyd1 u lie cy 1 ·i_; d. · ;he stui'.f- 1 
· ng bo:\. • n$ $ted of V- ·ut·med .1~ack .ngs uf syntl et..i,.c 

1. •·hb1~ri ada e :t· , packj n.~~ glan.d are aL •o 
Dro'i'~' is prevc~~cd. 
flli· of' "'he r m, the dt J..n plugs 

c ic cy llll ~~r . 

AlJ P1'0H 

I 

• 

uf' f\•rJ.u 1 al· Ctl.&t i~·~ 

HAM PACK.L~G 
r-- -~ 

r;. • .I{! 

)c valJ<•s, 

t. :de 
,.,::i th 

is ~·' i.n 

MAL} A 1HJ..·'l C H 
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~----------------------------~----------------~----------~,~- -- -- --------------~ 

2 • j Hy tlraull c P ump ( K awa::o ak i- Brim 1 "l,_;llan p 1 unp) 

2 . J . 1 Cons tJ, uc t~ un and NamP of' Part::; ( F le:. A-9 in Appen tl i' 
is ref' ern d to) 

The hydraul~:: pLunp, manuf'a( tured tUlder the lie ens e 
ag'.'eement with Brlin{nghaus Hydraulik. GmbH of' West C ermany 
and called as Kawasaki- Bri\nin~ha·1s munp, .i~;:~ of a variable 
dlsj:>lacemc·nt axial pi.ston type. The pump is i.nstalled 
inside or the oil tanJ<. b) means o1 the bol t.~:Hl 1'lange and 
diree t-c oupled throuGh Lhc: LL !!X Lb 1 e cuu pling to th~ 

electric motor uuLsitle of' the oil ttillk. 

6 

The pump on:::,ists mainly oi the C\"Lindl I sub- rou, 
(NO.l51-cylinder, NO.J52-needlP hearing, et~ . fitted in the 
c 1iuder cas in ( 20~), the st~ve-n piston ,sub-~t~oup 
N0.121-p~ston, N0.121-connecting l'od, N0.12 ~-i~x ri.n[;, etr . ) 

belr g iu re t.:.iproca t ing rnu tion J..n :::,e'en lbo1 es of t.he 
cylJ..nuel (151), th~ driv~n . shaft sub-grou•_ {Nos. 101, 102) 
whieh transmits powl:"t to the pwHp, the bear'ng~ (lotOS . lOLJ, 
108, 111) whiC'h suppo:rt the di iving sl·af't and a.x.ia.l thrust, 
thl" bearing c a:dng ( 201), the 1 ron t cove ( 2.51) in which 
o l seal (103) is provideu, the valve cove sub-~rou 
(NOS. 1.5), 3,50, -~~.1 e tc.), the val\ b d.ate (.471), the pipe 
.flang·e (25 '4) and r he rollt-J:' bearing (20)1 . 
The cy~inder (151) is supported by thu c ylinder casing 
{202) throu~1 Lhe ne~dlP bParing (152). The ~~1inder 
casing· (202) is ~also oupportell by tlte beaL:ing casing (201) 
through the roller bear~ng (205). The- cyl.tnucr casing 
( 202) toge i l~er ,...-~ th the cylinder ( 151), thert f"ore, can 
b(>; tilted arround the axis ui the roller bearing (205). 
TiLe connecting rod (121) has integ1ally the splleric;al 
enus ~ \\hose large end is t'ixed to the dr~ vi ·tg ::;haf' t by 
mean:,; of til<"' set rin[~ (122) and the set plate ( 126.), and 
small end is SPcUl. ed to the piston '( 12--'3) lJ}' mc .~n~ uf tlh• 
fix ring (124). 
The driving shart (101) is bUpportetl by the bear,1,ng casinv 
(201) throngh the radial ball bearing (104), the ratlial 
t1cedle bear~ng (108) and the thrust needle bearing (111) . 
Hotating motjon of the driving ~haf't (101) c.ictnatcd by an 
electric motor i s transm,it1~ed to tl1e c}l.lnder (lSL) tllrougll 
the r'onnect:tng r·od (121), the cylindet (151) .is ac c ordJn{'l} 
l.'u ta ted at round ~ t s < <~n tr e i :t the s ynch r onotu::; spee<i of 
the dr iv1ng shai't ( l.Ol). In tlw case the t..ylindcl \151 
is lo<.;ated in the obll4,ue position against t:;L~ d1.tviur-; 
shaft centre, the piston ( 12'l) l~t~cipruLate::; in U1e r vlindl2~"'' 
bore relati~e1y to the cyl1nJer . 
The val>e plate (171) having a suction-and a. delivery port 
to change over oil 1"it..h the 1 eripro~· atint: mot on of tile 
pis ton is pro'\ i ded bet ween thP cy lii 1dPr ( 151) and the valv e 
cover (25J) . The cylinuer (151) i.s presseu on the valve 
plate (171) by the cup pring (165) and they a1e i.J1. optimum 
hydraulic balance during pump rtu1ninG' ·· 
Oil to be deJivered from and sucked in the pump cyl.Lnde1 
passes through t.he p;J.ssages in the valve ( ~ rer t 25'1), the 
cy1Fldet c.asing (202) and the pLpe 1.langa (254), then it ~s 
transferred to the pipe out:::,iue of' the pump. 



2.].2 PllncipL" ol Orc: ratlun (fir;. A- 'J lll Appendix, Fip· . 
ll-2, 3 are ref~rr~ d to) 

'The driving shaft (101) oi the rump i::, driven b) the 
ele< tric motor throu.v,h the ilexl.ble coupling. H.oLating 
mot ion ui' tl1 e sh.a1't is t llereai't er tFansml t ted t u the 
<~Y 1 inder ( 1 t; 1) through th~.: r orme< t ing rod ( 1.'21) and t he 
pititon (12J) as described in foregoing sub-sect~on. 
Ref·ering co the s~.:.L·tional \lews of' the p u mp in Flg .. B-3, 
principle of pum11inv action is illus ltated. T op of thf' 
f'igures is tit' Jongitudjual s ection along the tilting 
aXl.S of' the cyli.ndeJ , middlE:! and bo l torn 01' tlH f'iguros 
are the SeCtions peryendiculdr t 0 the t up r Lg LH e' and 
dire< tion of' Jotalion is asswned a s clockwise viewed irom 
t-he shaf't end. 
In the case that the t i ltinG angle of thu cylinder is 
~qual to zero, i.e. the a.x.<:~o of the cylinder aligns "With 
that of thP d1lving shurt a ~ shown it tup and middle 
1'ig,ures. any relat ve- mot on !Jetwecn the pi!:oton and the 
cylinder bore 'W~tll pump totaliou w.lll not occ u r. no oil 
w~ll consequent!) d~livPred. 
No deliver)' f ' 1.om the pump '"ith i ts rotati~·n as above 
ue:;rribed 1s calleu as neutral. 
In thw case that the cylinder i8 tilted aro tnd its t~It lnff 
a~is as shown in U1e bottolll fit;urc, tl.J.e pistons l.Jelow 
X- Y line are going to wJ. thdraw from tht:· bot tom of' the 
cylinder bore with t heir elud'-v.'lti e rotation and t:~u c k o.ll 
Lhrouell thG pc>rt )'a" oi' Ua· va.lvE' plate, and the .istuns 
tibove X-Y line arf'. goi 1g to approach to the bottom of t!Le 
cyJlnucr bore and tlis(ha~gc oi.l through tht~ 1 ·rt 11 b 1' ot' 
the valve plate Di.spJa1 ement per re\ulutlon depends I' 1 
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t.he til t1ng anglo ol t;lle cylinder f1 om itt:~ n eutral poSltit'Il 
and rca ' hes its maximum "al UP a t the tilL inp,· angl~ o1 25 
deg-ree. 
ll U1P cyl1nder l t, ].l l,ed to th e re\crsc dirc•·Lion o.r the 
bullom figure, thu r t\ ( rst• ar·tion. ot th t. pistons 1.~elat iv~ 

La the cylindeL~ bore wi ll take place, acco1 dlngly thu pis ton 
below X-Y line wi] 1 discha.q,e oil through t~1c port. " a" 
and the pistons above X- Y l.inc will SU('k oil through 
the port Hb". Such b<:>lng t.he c ase, direction oi" flow can 
be changed wi thou L al t cr·ing tlu dlrec t ion o 1' rot at io"'1 a! 
the u r ivinv shart. ~elation or dil'cctiun b·~ tw(>en oi J 
f"low and tilt oi Lhe ·~ylJ..nde r ~s ::;huwn in Fie . • B-~. 
The valve platP (171) in Fig. A-9 havin{:; two purls "a" 
"bn i.n Fig. B-3 i::; of importance for c-hant,ln.G o"e1~ oj_l 
as well as preV<:>' ~ t ing oil leakdge th rotlgh tl~ · v lindPl 
end ,. 
SuctJ.on valves ln Lll sucti.on val\e (as~ne; (J50) i n F1g. 
A-9 :;;.t.'rve ·fol replen sldne o i l attlomat.lcalJy from the 
oi ta.nk d<Xl'ing vum~ runn1.ng. 
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